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Tutorial- 1 , 09/01/2017 


National Institute of Technology, Surathkal 
Department of Chemical Engineering 
Heat Transfer-CH 251 

tatc the assumptions clearly, with neat sketches solve the problems 


1. A cylindrical resistor on n circuit board dissipates 0.0 W of power. Determine the 
amount of heat dissipated In 2d h, the surface heat flux, and the surface 
empciaturc of the resistor. Take the temperature of air around to be dO °C and 
neat transfer coefficient as 9 W/m 20 C. * qcnr> cUomckc tA> re^^c. 
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2. A double-glazed, glass fire screen is inserted between a wood burning fireplace 
and the interior of a room. The screen consists of two vertical glass plates that are 
separated by a space through which room air may flow(the space is open at the 

top and bottom}. Identify the heat transfer processes associated with the fire 
screen. 
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Tutorial-1, 09/01/2017 


3 . It is necessary to insulate a kitchen oven with cork board (k=0.043 W/m K) so t iat t ie 
heat losses from the oven surface does not exceed *100 W/m2 when the inner sur ace 0 
the oven is at 225 = C and the outer surface of the oven is at 40 C C. Detei mine the thickness 
of insulation required. 
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4. A 5-m-long section of an air heating system of a house passes through an unheated 
space in the basement The cross section of the rectangular duct of the heating system is 
20cm x 25 cm. Hot air enters the duct at 100 kPa and 60°C at an average velocity of 5 m/s. 
The temperature of the air In the duct drops to 54°C as a result of heat loss to the cool 
space in the basement Determine the rate of heat loss from the air in the duct to the 
basement under steady conditions. Also, determine the cost of this heat loss per hour if 
the house is heated by a natural gas furnace that has an efficiency of 00%. and the cost of 
the natural gas in that area Is $1.60/therm (ltherm = 105.500 kj). Spea^c KaoT 
ct»V aJt Sl'c ; Cp - I * c, °^ 
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Tutorial- 1 , 09/01/2017 


5 r 

all Ihe radiai t ^ ' aC ^ SUr ^ accs nro separated from cadi other and are enclosed such that 
at200"C C I ner ®^ ^ eav lng the surface at 1000°C readies the other surface maintained 
u ate the net rate of radiation heat transfer per unit area of the first surface. 
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6. A small, thin metal plate of area A m 2 is kept insulated on one side and exposed to the 
sun on the other side. The plate absorbs solar energy at a rate of500 W/m 2 and dissipates 
it by convecUon into the ambient air at Ta= 300K with a convection heat transfer 
coefficient h= 20W/m 2 °C and by radiation into a surrounding area which may be 
assumed to be a blackbody at T S ky=280 K. The emissivily of the surface is 0.9. Determine 
the equilibrium temperature of the plate. 
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7i open the freeiser door °l ainnot ^cooled U ^ 

away 10 ovoiil ll« J 1 "™™” ^° c „ you a „d ,he frcev.cr Is a One Insulator, you canno 

hTcoolcd hy conduction. Still your facecools perceptible. Why? 
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that^of the gas. Identify the heat transfer^r«essesassoci ^ ^ ^ tha „ the 

Will the junction sense a temperature.that * s d ^ ^ enclosesi the 

gas temperature? A radiation slue d .a small, £ ^ ^ ^ tube . How does 

thermocouple junction, yet > « ' temperature measurement? 

use of such a shield improve the accuracy 
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Heat Transfcr-CH251 
Tutorial-2 

National Institute of Technology, Surathkal 
Department of Chemical Engineering 
Heat Transfcr-CH251 
• Tutorial-2 

With neat sketches and justifiable assumptions, solve the problems 

large concrete slab l m thick has one dimensional temperature distribution: 

T=4- 1 0x+20x 2 + I Ox' 

Where, T is temperature and x is the distance from one face towards other face of wall. If 
the slab material has thermal diffusivity of 2xlO' J tn 2 /h, what is the rate of change of 
temperature at the other face of the wall? 

(b) Why arc metals good conductors of heat? nvotfow |vu<ic^Jt 

j(c) A composite wall of a furnace has 2 layers of equal thickness having thermal 

conductivities in the ratio of 3:2. What is the ratio of the temperature drop across the 
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2. A tube 60 mm OD is insulated with a 50 mm layer of silica foam, for which the 

conductivity is 0.055 W/m °C followed with a 40 mm layer of cork with a conductivity of 
0.05 W/m °C. If the temperature of the outer surface of the pipe is 150° C and the 
temperature of the outer surface of the cork is 30°C, calculate the heat loss in watts per 

mclerc of pipe. n ,. , , 
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Heat Transfer-CH251 
Tutorial-2 

3. A hollow spherical vessel of inner diameter-19 cm and outer diameter-20 cm contains a 
hot fluid. Hie fluid is to be cooled by exposing the vessel to a surrounding cold fluid 
when the outside film coefficient is 10 W/m 2 K. If the vessel is to be lagged by mica sheet 
(k=0.5R15 W/m K), determine the thickness of insulation so (hat the rate of heat transfer 
from the hot fluid is maximum. s’ >>. 
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4 A infinitely long solid slab of thickness ‘2b’ exposed to uniform flow of air over both its 
’ surfaces at x=H b and x= -b. Assuming a steady slate, heat flow to be in ‘x’ direction only, 
• ‘ at*expressions for (a) temperature profile, (b) maximum temperature willnn the 
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Heaf Transfer-CH251 
, r . Tutorial -2 

A long copper bar of rectangular cross-section, w hose u idth * W ;* 
tluckness *L\ is maintained in contact with a heat sink at iLs lower surfaced hi 
temperature throughout the bar is approximately equal to that of the sink i > e T, , 
an electric current us passed through the bar and an air stream of ternnm'i. ' r Uddcn,y - 
over the top surface, while the bottom surface continues to be mainlined ^1* ohT^ 
,hc differential equalion and die : boundary and initial conditions that amt) be ^ “ 
determine the temperature as a function of position and time in th * bar 

vO»L 





6. A plane wall 10 cm thick generates heat at the rate of 4x10* W/tn\ when an electric 

current is passed through it. The convective heat transfer coefficient between each face of 
the wall and the ambient air b 50 Wfm* K. Determine (a) Surface temperature. (10 Max 
temperature in tile wall (cl llcat llmv rate at the surface 
Take T«3 ;!hqi - 20*C, and thermal conductivity of v ail to he 15 \Wm K 
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Heat Transfer-CH251 
Tutorial-2 

National Institute of Technology, Surathkal 
Department of Chemical Engineering 
Heat Transfer-CH251 
Tutorial-2 

State the assumptions clearly, with neat sketches solve the problems 

1) The wall of a cold storage consists of three layers-an outer layer of ordinary bricks, 25 cm 
thick, a middle layer of cork, 10 cm thick, and am inner layer of cement, 6cm thick. The thermal 
conductivities of the materials arc-brick.0.7, cork:0.043, and ccment:0,72 W/m°C The 
temperature of the outer surface of the wall is 30°C, and that of the. inner is -15°C. Calculate 
the steady state rate of heat gain per unit area of the wall^rfb) the temperatures at the 
interfaces of the composite wall, and (c) the percentages of the total heat transfer resistance 
offered by the individual layers. What additional thickness of the cork should be provided to 
make the rate of heat transfer 30% less than the present value? 
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2) Polyurethane foam and expanded polvstvrcne w Tutorial-2 

temperature applications. Polyurctalinc can be imnm . ? lm P or,am insulations for low 
probably safer. It is desired 10 calculate^liQTcal'giiiib^a'Monft^* 1 “ ^ - 

for cryogenic storage) of 16 diameter that contains spl,crical vcssal used 

insulated with a 10 cm thick layer of polyurethane foam U * T°" ,a at 4 ° C ^ ,ank •* 

W/m°C. The outer surface temperature of the insulation is 277 At* ,crm , al ^ onductivi ‘y of 0 02 
requirement of the vessel. 1 S 27 C A,so * calculate the refrigeration 
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<J2Z ^ ‘ Cm ? am ' ter md 50 Cm '° n8 aluminium rod ' *ai> cursed surface perfectly 

delated, are mamtamed at 30»C and 300»C. respect,vely The temperature-dependent ll.cmj 

conduct, Vity of the metal is given by k-202+0.0545T, (W/m°C), where T is in 4 Calculate the 

temperature grad,cm at each end of the rod. and the temperature midway in the tod at steady 
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Heat Transfer-CH251 
Tutorial-2 


4 "vZ”CTh! wt a c d Wi ' h * ' ayCrof PVC < p °«yVinyl Chloride) of 
film coefficient at the outer surface nf «i • , ' eS CUrrent ’ 30(1 lls temperature is 60°C. The 

insulation thickness. ° f ' he ' nSUla ''°" ,S ,US ***& Calculale ,he critical 
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Heat Transfer-CH251 
. Tutorial-3 

National Institute of Technology, Surathkal 
Department of Chemical Engineering 
Heat Transfer-CH251 
Tutorial-3 

State the assumptions clearly, with neat sketches solve the problems 

VfertcJ\:*\ <A> H 

1. Detcnnine the temperature respons e of a (1/32)- inch diameter copper wire originally at 

300 F when suddenly immersed in (n)water(h=15 Btu/h ft 2 F) at 100 F;(b)air (h=2 Btu/h ft 2 

F)at 100F YL? S^-lb f . .. p ; frVS&U/b** 


2. Determine the time required for a small aluminium casting to be heated in a furnace to 950 
F by gases at 2200 F if the casting is put into the oven at 60 F. The significant length of the 
casting (V/A.) is 0.5 ft and the unit-surface conductance h between the casting surface and the 
gases is 15 Btu/h ft 2 F. k s 21(, gh* ft f , Cp-_ b 0*\\ tflu /fy f/ j^rVT, 
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Heat Transfer-CH251 
Tutorial-3 

3. A concrete wall, 1ft thick and originally at 100 F, is suddenly exposed on one side to a hot 
i,as at 600 F. If the heat-transfer coefficient on the hot side is 5 Btu/h ft 2 F and the other side 
insu ated , determine (a) the time required to raise the temperature at the insulated face of 

to 500 I, (b) the temperature distribution in the wall at that instant, and (c) the heat 
ransferred to the wall per square loot of the surface area. 
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Heat Transfer-CH 251 
Tutorial-3 

Nagpiir, the problem of preventing the freezing-of oranges during cold nights is of 
const era le economic importance. Heat is transferred from the oranges by radiation and 
convection to the cold environment. To reduce the heat transfer by radiation to the cold sky 
and to warm the surrounding air, oil heaters, or smudge pots are used. These devices generate 
a smoky haze which reduces the radiant heat loss and also heats the air. To specify the heating 
requirements, it is necessary to estimate the temperature at the centre of a 4-inch diameter 
orange originally at 65 F when exposed to an environment at an effective temperature of 25 F 
for a period of 6 h. The overall surface conductance is estimated to be 2 Btu/h ft 2 F. Since the 
juice of an orange consist largely of water, the physical properties of water may be used. 


5 A person is found dead at 5 pm in a room whose temperature is 20°C. The temperature of the 
body is measure to be 25°C when found, and the heat transfer coefficient is estimated to be h-8 
W/m2 °C. Modelling the body as a 30 cm diameter, 1.7 m long cylinder, estimate the time of 

death of that person. 
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Heat Transfep-CH251 

tem^leT=!20^ d eT e H er '?' ' '* 7 a " d ^ ' 10 a " is ^ 

P ' C. ThecylIinder is now placed in atmospheric air at 25°C where heat 

transfer takes place by convection, with a heat transfer coefficient of/; = 60 W/m 2 °C 

Calculate the temperature at (a) the center of the cylinder (b) the center of the top surface of 
the cylinder 15 min after the start of the cooling (c) Determine the total heat transfer from the 
short brass cylinder (density = 8530 kg/m 3 , C P = 0.38 kJ/kg 0 C ) 
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Heat rransfer-CH251 
Tutorial-4 

National Institute of Technology, Surathkal 
Department of Chemical Engineering 
Heat Transfer-CH251 
Tutorial-4 

State the assumptions clearly, with neat sketches solve the problems 

be expressed IshM-C^ horizontal plate the local heat transfer coefficient may 
dc expressed as h*(x) -Cx , where x is the distance from the leading edge of the plate and 

C is a coefficient independent of V. Obtain an expression for the ratio hLfowherrfoT 
is the average heal IranSler coclficient bcpveen the leatfmgEdgc and the locafioFTT. ' " 

- ^v-wC'n)- _L \ 

^ J * 







£C.oc'^' r 


^ 3-WOvy) 



2. In flow over a surface the temperature profile is known to be of the form 
I (y) = A+By+Cy 2 -Dy 3 , where A,B, C and D arc constants. Obtain an expression for the 
convection coefficient, h. 
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3. Water flows Tutorial-4 

one for whicluhetvTi^ 0C |' t ^ ^ over a *| al P' alc of length L=0.6 m. Consider two cases, 

water temperature of i ' s a PP rox imatcly 300 K and the other for an approximate 

show that the local ennvwi - ° * lc ani ' nar ant * turbulent regions, experimental measurements 
hiomfx) = C, vS»5 ? eC,IOn coc| fiocnts are well described by 
At 3oo K " ™ d l '“" l>(x) - . . x ” wl'crc V has units of m. 

0^o«k= 394 W/ m ' > K ; C,„, u „ . 2330 W/m" K: 

constant, - C\dependTondK nature^n’ct C| '" U '“ K = 3600 Wm ' * K. As is evident, the 

thermal dependence of various properties 'of'd *11 “f'll? waler lcm l ,liralure because of the 
coellicient, h.„ t , over the entire plate for the two water',J££Z! " ,C aVerage C ° nVeC,i ° n 
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Heat Transfer-CH251 
Tutorial-4 


4. Calculate the appiopriate Reynolds numbers and state if the flow is laminar or turbulent for 
tbc following: 

a) A 10 ni (water line length) long yacht sailing at 13 km/h in water p = 1000 kg/m 3 and 
M = 1.3 x 1 O' 3 kg/m s, 

b) A compressor disc of diameter 0.6 m rotating at 15000 rev/min in air at 5 bar and 400°C 





) l HI IV. 

c) 0.05 kg/s of carbon dioxide gas at 400 K flowing in a 20 mm diameter pipe. For t ie 


viscosity take 



s 

UK & Cfi K rm a fly 


, T in K. . ^ . _ . 

d) The roof of a coach 6 m long, travelling at 100 km/hr in air (p • S' 01 


p= 1.8 x 10 -5 kg/m s) 
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Heat Transfep-CH251 
Tutorial-5 

National Institute of Technology, Surathkal 
Department of Chemical Engineering 
Heat Transfer-CH251 
Tutorial-5 

State the assumptions clearly, with neat sketches solve the problems 

1. Air at 20°C flows over a surface at 00°C. The local heat flow was measured at a 
point as 1000 W/m 2 . Estimate the value of local convective heat transfer 
coefficient, temperature gradient at the surface and the temperature at a distance 
of 0.5 mm from the surface. 

2. The temperature ratio [(T s -T) / (T s -T<»)] =sin (ny/0.015) in flowovera flatplate. 

If k = 0.03 W/mK, determine the value of convective heat transfer coefficient 

3. Water at 30°C flows over a flat plate with a free stream velocity of 0.6 m/s. 
Determine the local and average friction coefficient at 0.5 m from the leading edge. 

Also determine the local wall shear stress. 

4. An appropriate expression for temperature profile in thermal layer is given by, 

0 (*.y) = IwT)- 7 fe] 3 and thickness of boundary layer is given 

by, <S t (x) = 4.53 - y*? ^ . Develop an expression for local heat transfer co¬ 
efficient, h(x). 

5. The exact expression for the local Nusselt number for laminar flow of air at 300K 
along a fiat plate maintained at 400K is given by: Nu*=0.332 Pr 1 / 3 Re* 1 / 2 y ^ (■ 

a. Develop a relation for average heat transfer co-efficient for the distance 
between points, x=0 and x=L. 

b. Calculate average heat transfer co-efficient for x=0 to x = 2 m. 

c. Calculate heat transfer rate from air to plate of width 0.5 m and length 2m. 
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Department of Chemical Engineering, NITK 
Cl 1-251: Heat Transfer 
B.Tcch., Quiz - I; 6" 1 February 2017 


Time: 50 mins 


Total Marks: 20 


Answer all the Questions 

(Assume suitable data wherever necessary and clearly state them) 


1. (a) A large concrete slab 1 m thick has one dimensional temperature distribution: 

T=4-1 0x+20x 2 + 1 Ox 3 

Where, ‘T’ is temperature and V is distance from one face towards other face of wall. If 
the slab material has thermal diffusivity of 2x10° m 2 /h, what is the rate of change of 
temperature at the other face of the wall? (2) 

(b) Why are metals good conductors of heat? (1) 

(c) A composite wall of a furnace has 2 layers of equal thickness having thermal 

conductivities in the ratio of 3:2. What is the ratio of the temperature drop across the 
two layers? @) 

2. A furnace wall consists of 200 mm of refractory fireclay brick, 100 mm of kaolin brick, 

and 6 mm of steel plate. The fire side of the refractory is at 1150 °C, and the outer 4 side of 
the steel is at 30 °C. An accurate heat balance over the furnace shows the heat loss from 
the wall to be 300 W/m 2 . It is known that there may be thin layers of air between the 
layers of brick and steel. To how many millimeters of kaolin are these air layers 
equivalents? The thermal conductivity values of fireclay brick, kaolin brick and steel 
plate are 1 . 7 , 0.11, and 45 W/(m • °C), respectively. (07) 


3. An ice-skating rink is located in an indoor shopping mall with an environmental air 
temperature of 22°C and radiation surrounding walls of about 25°C. The convection heat 
transfer coefficient between the ice and air is about 10 W/ (m 2 • °C), because of air 
movement and the skaters’ motion. The emissivity of the ice is about 0.95. Calculate the - 
cooling required to maintain the ice at 0°C for_an_ice_rink having dimensions of 12 by 
40 m. Obtain a value for the heat of fusion of ice and estimate how long it would take to 
melt 3 mm of ice from the surface of the rink if no cooling is supplied and the surface is 
considered insulated on the back side. (08) 
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Time: 1.5 hours 


Department of Chemical Engineering, NITK 
Cll-251: Heat Transfer 
B.Tcch., Mid-Semester; February 08,2018 

Total Marks: 50 


Answer all the Questions 

(Make valid assumptions wherever necessary and clearly state them) 


(H/A closed container filled with hot cofee is in a room whose air and walls are at a fixed 
temperature. Identify all heat transfer processes that contribute to cooling of the coffee. 
Comment on features that would contribute to a superior container design (10 marks) 
(2y\n insulated steam pipe passes through a room in which the air and walls are at 25°C. 
The outside diameter of the pipe is 70 mm, and its surface temperature and emissivity 
are 200°C and 0.8, respectively. What are the surface emissive power and irradiation? 
If the coefficient associated with free convection heat transfer from the surface to the 

What is the rate of heat loss from the surface per unit length of pipe? (10 marks) 
(S^Consider a homogenous medium within which there is no bulk motion (advection) and 
the temperature distribution is expressed in cylindrical coordinates. Following the 
methodology of applying the conservation of energy, for the case of uniform heat 
generation within the medium, derive a general three-dimensional unsteady state 
differential heat diffusion equation. (12marks) 

(4 y A long copper bar of rectangular cross-section, whose width ‘W’ is much greater than 
its thickness ‘L’, is maintained in contact with a heat sink at its lower surface, and the 
temperature throughout the bar is approximately equal to that of the sink. To. Suddenly, 
an electric current is passed through the bar and an air stream of temperature T» is 
passed over the top surface, while the bottom surface continues to be maintained at To. 
Obtain the differential equation and the boundary and initial conditions that could be 
solved to determine the temperature as a function of position and time in the bar. 

(06marks) 

(5^Four identical power transisitors with aluminium casing are attached on one side of a 
^ 1 cm thick 20 cm X 20 cm square copper plate (k=386 W/m °C) by screws that exert 
an average pressure of 6 MPa. The base area of each transistor is 8 cm 2 , and each 
transistor is placed at the center of a 10 cm XI0 cm quarter section of the plate. The 
interface roughness is estimated to be about 1.5 pm. All transistors are covered by a 
thick plexiglass layer, which is a poor conductor of heat, and thus all the heat generated 
at the junction of the transistor must be dissipated to the ambient at 20°C through the 
back surface of the copper plate. The combined convection/radiation heat transfer 
coefficient at the back surface can be taken to be 25 W/m 2o C.If the case temperature of 
the transistor is NOT to exceed 70°C, determine the maximum power each transistor 
can dissipate safely, and the temperature jump at the case-plate interface. The contact 
conductance at the copper-aluminium interface conditions is 42000 W/m 2o C. 

(12 marks) 
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Department of Chemical Engineering, NITK 
CII-251: Heat Transfer 

B.Tecli., Mid-Semester; February 13, 2017 
Time: 1.5 hours T , 

Total Marks: 50 

Answer all the Questions 

(Make valid assumptions wherever necessary and clearly state them) 


(1) Consider a homogenous medium within which there is no bulk motion (advection) and the 
temperature distribution is expressed in spherical coordinates. Following the methodology of 
applying the conservation of energy, for the case of uniform heat generation within the 
medium, derive a general three-dimensional unsteady state differential heat diffusion equation. 

_ (15marks) 

A P ,ane wal * is fitted with an aluminium pin fin of 1 cm diameter and 30 cm length. The 
yn base temperature is 300°C and the pin fin is in contact with air at 30°C. Assuming that the 
fin is infinitely long and free convection happening at the surface of the fin, calculate the 
temperature at 15 cm from the base and the rate of heat transfer from the fin. (5 marks) 


(ii) Two perfectly black surfaces are separated from each other and are enclosed such that all 
the radiant energy leaving the surface at 1000°C reaches the other surface maintained at 200°C. 
Calculate the net rate of radiation heat transfer per unit area of the first surface. (3 marks) 


(m) Consider one-dimensional steady state heat conduction along x-axis (0 < x < L), through 
a plane wall with the boundary surface (x=0 and x=L) maintained at temperatures of 0°C and 
I00°C. Heat is generated uniformly throughout the wall. Choose the correct statement. 

(a) The direction of heat transfer will be from the surface at 100°C to the surface at 0°C. 

(b) The maximum temperature inside the wall must be greater than 10°C. 

(c) The temperature distribution is linear with in the wall. 

(d) The temperature distribution is symmetric about the mid-plane of the wall. 

(2marks) 


(3) A short brass cylinder to diameter D = 12 cm and height H= 10 cm is initially at a uniform 
temperature T,- 120°C. The cylinder is now placed in atmospheric air at 25°C, where heat 
transfer takes place by convection, with a heat transfer coefficient of/i = 60 W/m J °C Calculate 
the temperature at (a) the center of the cylinder (b) the center of the top surface of the cylinder 
15 min after the start of the cooling (c) Determine the total heat transfer from the short brass 

cylinder ' (15 marks) 


(4) A 3mm diameter and 5 m long electric wire is tightly wrapped with a 2mm thick plastic 
cover whose thermal conductivity is O.I5W/n£C. Electrical measurements indicate that a 
current of 10 amperes passes through the wire and there is a voltage drop of 8V along the wire. 

, ‘ „ '" S “ la l ,ed ' vire is ex P° sed t0 a medium at 30°C with a heat transfer coefficient of 
I _W/m- C determine the temperature at the interface of the wire and the plastic cover in steady 

operation, so, etermine whether doubling the thickness of the plastic cover will increase or 
decrease this interface temperature. nQ mqrk0 
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Department of Chemical Engineering, NITK 
CII-251: Heat Transfer 
B.Tecli., End-Semester; April 21*', 2017 


Time: 3 Hours Total Marks: 100 

Answer all the Questions 

(Make valid assumptions wherever necessary and clearly state them) 

(Allowed to refer Steam Tables, and Heat and Mass Transfer data book) 

1. An ice-ball of initial diameter 0.06 m is suspended in a room at 30°C. The ice melts by 

absorbing heat from the ambient, the surface heat transfer coefficient being 11.4 W/m 2o C. 
The air in the room is essentially dry. If the shape of the ball remains unchanged, 
calculate the time required for reduction in its volume by 40%. The density of ice is 
929 kg/m 3 and its latent heat of fusion is 3.35x!0 5 J/kg. (15 marks) 

2. Consider 1-D, steady state heat conduction in a hollow cylinder with constant thermal 
conductivity in the region ‘a’< r < ‘b\ Heat is generated in the cylinder at a rate of 
‘go’ W/m 3 , while it is dissipated by convection into fluids flowing inside and outside the 
cylindrical tube. Heat transfer coefficients for the inside and outside fluids are ‘h a ’ and 
‘hb’ respectively and temperatures of the inside and outside fluids are ‘T a ’ and Tb 
respectively. .Write the mathematical formulation of this heat conduction problem. 

s (5 marks) 


'A nuclear fuel rod is in the form of a long solid rod (k=0.85 W/m K) of diameter 14mm. 
It generates heat at the uniform rate of 0.45x10 s W/m 3 , because of nuclear fission. The 
heat is transferred to pressurized cooling water at 300°C and the surface heat transfer 
coefficient is 4500 W/m 2 K. Calculate the highest temperature in the fuel rod in the steady 
state. (S marks) 


4. Airjkrtv' through a long rectangular (30cm height x 60 cm width) air conditioning duct 
-'maintain the outer duct surface temperature at 15°C. If the duct is un-insulated and 

exposed to air at 25°C, calculate the total heat gained by the duct per metre of length, 
assuming it to be horizontal. (15 marks) 

5 . A cylindrical biomass particle is initially at a temperature ‘T 0 ’ and is suddenly dropped 

into a hot combustor surroundings of temperature ‘T a ’ which is higher than ‘To’. Draw a 
qualitative sketch of the temperature distribution inside th6 heated biomass particle for 
the below three cases, at various times after the exposure. Case (i) Bi —>oo, 
(ii) 0 < Bi < oo, and (iii) Bi-»0. Where ‘Bi’- Biot number. (5 marks) 
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6 . A 2-m X 3-m flat plate is suspended in a room, and is subjected to air flow 
parallel to its surfaces along its 3-m-long side. The free stream temperature 
and velocity of air arc 20°C and 7 m/s. The total drag force acting on the plate 
is measured to be 0.86N. Determine the average convection heat transfer 
coefficient for the plate (7 niarks) 


7 . Water is boiled at a rate of 30 kg/h in a copper pan, 30 cm in diameter, at atmospheric 
pressure. Estimate the temperature of the bottom surface of the pan assuming nucleate 
boiling conditions marks) 

8 ^A counter flow heat exchanger is used to heat water from 20°C to 80°C by using hot 
''"tfxhaust gas entering at 140°C and leaving at 80°C. Calculate the log mean temperature 
difference for the heat exchanger. @ marks) 


'(n}h)a gas turbine power plant heat is transferred in a plate-fin heat exchanger from the 
'iTOfgases leaving the turbine to the air leaving the compressor. The air flow rate is 
5000 kg/h and the flow rate of hot gases is 5075 kg/h. Given the inlet temperature of hot 
and cold fluids as 450°C and 170°C, respectively; overall heat transfer coefficient is 52 
W/m 2o C; surface area is 50 m 2 ; the specific heat of both cold and hot fluids is 
1050 J/kg °C. The flow arrangement of the heat exchanger is single pass cross flow with 
both fluids unmixed. By Effectiveness-NTU method, find the exit temperatures of hot 
and cold fluid and the heat transfer rate. ( 1S mar f“) 


9. (i) Define the following terms 

a. Black and gray surfaces mar ' 

b. Monochromatic hemispherical irradiation (2 marks) 

(ii) Name the important parameters that quantify the directional nature of thermal 

radiation and define them. • « 

fiii) A small blackbody has a total hemispherical emissive power of 4 kW/nr. Determine 

its surface temperature and the wavelength of emission maximum. In which range of the 
spectrum Joes this wavelength fall? ( 5 marks ) 
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